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METAL CONTAINERS HAVING AN EASILY OPENABLE 
END AND METHOD OP MANUFACTURING THE SAME 

FIELD OF THE INVENTION 

The present invention relates to metal 
containers having an easily openable metal end. 
More particularly, the present invention relates to 
an easily openable metal end having a score line on 
its exterior surface, wherein the score line has a 
radiation-cured coating applied thereon. The radia- 
tion-cured coating imparts corrosion resistance to 
the score line of the can end during product proces- 
sing and storage. 

BACKGROUND OF THE INVENTION 

Easily openable metal ends are widely used 
as the closure of metal containers because the con- 
tainer can be opened without using a can opener or 
similar tool. Easily openable metal ends have score 
lines (i.e., guide lines for opening) which permit 
tearing of the end from the container body to pro- 
vide an opening for removing the contents from the 
container. Easily openable can ends typically are 
used in metal beverage containers, general food 
containers, and the like. 

An easily openable can end is manufactured 
from a sheet of a metal substrate, such as aluminum, 
tin-plated steel, or tin-free steel. The metal 
sheet has a cured protective coating on each major 
surface. The cured protective coating can be the 



same on each major surface or different. The pro- 
tective coating used for the surface of the metal 
sheet that forms the internal surface of the can end 
is judiciously selected after considering the con- 
5 tents of the container that will contact the inter- 
nal surface of the can end. 

The protective coating on the surface of 
the metal sheet that forms the exterior surface of 
the can end can be any coating material that pro- 

10 tects the exterior of the can end from corrosion, 

either during processing of the product packaged in 
the can, e.g., during retort, or during storage of 
the packaged product. The exterior coating can be, 
for example, a cured composition containing a cross - 

15 linkable epoxy compound and a urea- formaldehyde 
resin. 

The can end is formed from the metal sheet 
by punching out a metal form that corresponds to the 
desired shape and dimensions of the can end. Next, 

20 a score that corresponds to the easily openable 

dimensions of the can lid is made in the metal form. 
This scoring process penetrates the metal form well 
into the thickness of the metal (e.g., about 1/2 to 
about 2/3 of the metal thickness) , and, accordingly, 

25 destroys the integrity of the protective coating on 
the exterior surface of the can end along the score 
line. Typically, a repair coating is applied to the 
score line to restore the protective coating. 

A scored can end is more fully illustrated 

30 in Fig. 1. In particular, Fig. 1 illustrates a sec- 
tional view of an easily openable can end 1. The 
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(e.g., about 110°C to about 130°C for about 60 to 
about 120 minutes) can melt the protective wax-based 
composition and expose portions of bare metal along 
the score line. Other compositions contain a high 
5 percent of solvents (e.g., 70% to 80%, by weight), 
which is cost ineffective and leads to the genera- 
tion of excessive amounts of solvent vapor during 
cure. Another disadvantage associated with present- 
day repair coatings is an inability to uniformly 
10 coat the score line, and thereby leave substantial 
portions of the score line unprotected. 

SUMMARY OF THE INVENTION 

The present invention is directed to 
improved compositions and methods of coating a score 

15 line of an easily openable can end to impart essen- 
tially complete corrosion resistance to the score 
line during processing and storage of a packaged 
product. The present invention also is directed to 
metal containers having an easily openable can end, 

20 wherein corrosion along the score line of the exte- 
rior surface of the can end is essentially complete- 
ly eliminated. More particularly, the present in- 
vention is directed to a corrosion-resistant metal 
can end, its method of preparation, and to radia- 

25 tion-curable coating compositions, e.g., ultraviolet 
(UV) -curable , for application to the score line of 
an easily openable can end. After curing, the radi- 
ation-curable coating composition imparts essen- 
tially complete corrosion resistance to the score 



line during processing and storage of a filled metal 
container. 

Accordingly, one aspect of the present 
invention is to provide an easily openable can end 
of a metal container , said end having a repair coat- 
ing composition applied uniformly to the score line 
of the can end, followed by radiation curing and an 
optional heating step, to essentially eliminate 
corrosion along the score line of the easily open- 
able can end during processing and storage of a 
filled metal container. 

Another aspect of the present invention is 
to provide a method of preparing a corrosion-re- 
sistant, easily openable metal can end comprising: 

(a) providing a metal end having a score 

line; 

(b) applying a radiation-curable coating 
composition to the score line to provide a coated 
metal can end; 

(c) subjecting the coated metal can end 
to a sufficient dose of radiation, e.g., ultraviolet 

radiation, infrared radiation, or e-beam radiation, 

» 

to provide a tack-free coating composition on the 
coated metal can end; and 

(d) optionally heating the can end of 
step (c) at a sufficient temperature and for a 
sufficient time to complete curing of the radiation- 
curable coating composition. 

Yet another aspect of the present inven- 
tion is to provide a radiation-curable coating 
composition suitable for application to the score 



line of an easily openable can end to render the 
score line corrosion resistant. The radiation- 
curable coating composition contains about 70% to 
100%, by weight, of nonvolatile materials. The 
volatile material can be water, an organic solvent, 
or a mixture thereof. Therefore, the release of 
toxic and environmentally unfriendly solvents can be 
eliminated, or at least substantially reduced, 
during radiation curing of the coating composition. 

Another aspect of the present invention is 
to provide a radiation-curable coating composition 
for application to the score line of an easily 
openable can end, said coating composition compris- 
ing: (a) about 60% to about 85%, by weight, of a 
difunctional compound containing epoxy and/or vinyl 
groups, (b) about 10% to about 20%, by weight, of a 
polyf unctional reactive diluent, (c) about 2% to 
about 8%, by weight, of a photoinitiator , e.g., a 
cat ionic photoinitiator, and (d) 0% to about 12%, by 
weight, of a monof unctional reactive diluent. The 
radiation- curable coating composition, optionally, 
also can contain a surfactant, an optical brighten- 
er, and other optional ingredients known to persons 
skilled in the art. In most preferred embodiments, 
the difunctional compound comprises an epoxy group, 
and most preferably comprises a cycloaliphatic di- 
epoxy compound . 

Yet another aspect of the present inven- 
tion is to provide a method of essentially complete- 
ly eliminating corrosion at the score line of an 
easily openable can end by applying a radiation- 



curable coating composition comprising (a) about 60% 
to about 85%, by weight, of a di functional compound 
containing epoxy and/or vinyl groups, (b) about 10% 
to about 20%, by weight, of a polyf unctional re- 
active diluent, (c) about 2% to about 8%, by weight, 
of a photoinitiator , and (d) 0% to about 12%, by 
weight, of a mono functional reactive diluent, to the 
score line, then curing the coating composition by 
applying a sufficient dose of radiation to cure the 
coating to at least a tack-free state and, optional- 
ly, then heating the cured coating composition to 
complete curing of the composition. 

The cured coating composition effectively 
inhibits corrosion of ferrous and nonferrous metal 
substrates when the composition is applied as a re- 
pair coating to the score line of a metal can end, 
then radiation cured for a sufficient time to pro- 
vide a tack-free crosslinked coating. If necessary, 
the tack-free coating can be subjected to a heating 
step at a sufficient temperature and for a suffi- 
cient time to fully cure the coating composition. A 
cured and crosslinked coating composition demon- 
strates sufficient chemical and physical properties 
for use as a repair coating on a score line on the 
exterior of an easily openable metal can end. 

As used here and hereafter, the term 
"radiation-curable coating composition" is defined 
as a composition including the dif unctional com- 
pound, polyf unctional reactive diluent, photoini- 
tiator, optional mono functional reactive diluent, 
and any other optional ingredients, optionally 
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dispersed in an aqueous or nonaqueous carrier. The 
term "cured coating composition" is defined as the 
adherent, tack-free polymeric coating resulting from 
curing a radiation-curable coating composition. The 
5 cured coating composition comprises the difunctional 
compound, polyf unctional reactive diluent, and mono- 
functional diluent, essentially in the amounts these 
ingredients are present in the radiation- curable 
coating composition, expressed as nonvolatile mate- 

10 rial. The term "tack free" is defined as a partial- 
ly or completely cured coating composition that does 
not adhere to skin or deform when touched. 

These and other aspects and advantages of 
the present invention will become apparent from the 

15 following detailed description of the preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a cross -sectional view showing 
an easily openable closure. 

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An improved easily openable metal can end 
of the present invention has a radiation-curable 
coating composition applied to a score line to serve 
as a repair coating. In one embodiment a radiation- 
25 curable coating composition utilized in the present 
invention comprises (a) about 60% to about 85%, by 
weight, of a difunctional compound containing epoxy 
and/or vinyl groups, (b) about 10% to about 20%, by 



weight, of a polyf unctional reactive diluent, (c) 
about 2% to about 8%, by weight, of a photoiniti- 
ator, (d) 0% to about 12%, by weight, of a monof unc- 
tional reactive diluent, and (e) 0% to about 10%, by 
weight, of optional ingredients. The radiation- 
curable coating composition contains about 70% to 
100%, by weight, of nonvolatile materials, and 0% to 
about 20%, by weight of water, an organic solvent, 
or mixture thereof . 

In another embodiment, the radiation- 
curable coating composition contains about 60% to 
about 85%, and preferably about 65% to about 80%, by 
weight, of the dif unctional compound. To achieve 
the full advantage of the present invention, the 
radiation -curable coating composition contains about 
70% to about 80%, by weight, of the dif unctional 
compound . 

A dif unctional compound utilized in the 
radiation-curable coating composition is a monomer, 
dimer, oligomer, or mixture thereof. The identity 
of the dif unctional epoxy compound is not limited, 
as long as the difunctional compound contains two 
epoxy groups, two vinyl groups, or one epoxy group 
and one vinyl group. 

Typically, the difunctional compound has a 
weight average molecular weight (M w ) of about 5000 or 
less, and preferably about 3000 or less, e.g., about 
100 to about 2000. High molecular weight resins and 
polymers are less preferred because the viscosity of 
the radiation-curable composition can become too 
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great for homogeneous application of the composition 
to the score line* 

Suitable dif unctional compounds can be (a) 
a compound having two epoxy groups, i.e., a diepoxy 
5 compound, (b) a compound having a vinyl group and an 
epoxy group, i.e., a vinyl epoxy, (c) a compound 
having two vinyl groups, e.g., a divinyl ether, or 
(d) a mixture thereof. In preferred embodiments, 
the difunctional compound comprises a diepoxy com- 
1 0 pound . 

Suitable diepoxy compounds include ali- 
phatic diepoxy compounds, aromatic diepoxy com- 
pounds, or a mixture thereof. In preferred embodi- 
ments, the diepoxy compound comprises an aliphatic 

15 diepoxy compound, and particularly, a cycloaliphatic 
diepoxy compound. In more preferred embodiments, 
the diepoxy compound is essentially free of an 
aromatic diepoxy compound, i.e., the composition 
contains 0% to about 10%, by weight, of an aromatic 

20 diepoxy compound. 

Suitable diepoxy compounds useful in the 
present invention include, but are not limited to, 
low molecular weight diepoxy compounds derived from 
bisphenols, such as bisphenol A, and epihalohydrins . 

25 Such diepoxy compounds have a general structural 
formula 



OH 
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CH 2 — CH-CH 2 H— O -A-O- CH 2 - CH - CH 2 — pO-A - O - CH 2 - CH — CH 2 
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wherein A represents a condensation resi- 



due of divalent aromatic hydrocarbon group derived 
from a dihydric phenol or diol. Preferably, the 
diepoxy compound has an epoxy equivalent weight 
5 (EEW) of about 2500 or less- More particularly, the 
diepoxy compounds can be a condensation product of 
an epihalohydrin and bisphenol A (i.e., ( 2,2' -bis (4- 
hydroxyphenyl) propane) and having an average M w of 
about 2000 or less. 
10 The dihydric phenol utilized in the above 

diepoxy compound can be, for example, bisphenol A, 
bisphenol F, 



OH 




OH 



15 



OH 




CH 3 



20 





, or 
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CH 3 CH 3 




CH 3 (CH 2 >2 (CH a )2CH 3 

Examples of useful aromatic diepoxy compounds in- 
clude, but are not limited to, D.E.R. 736, EPON 828, 
EPON 1004, EPON 1007, and EPON 1009, all available 
from Dow Chemical Co., Midland, MI. 

Other useful, and preferred, cycloaliphat- 
ic diepoxy compounds are 3 , 4-epoxycyclohexylmethyl- 
3, 4 -epoxycyclohexane carboxylate, bis (3 , 4 -epoxy- 
cyclohexyl) methyladipate, and mixtures thereof. 
These diepoxy compounds are available commercially 
as CYRACURE* UVR-6110 and UVR-6128, from Union 
Carbide Corp., Danbury, CT , having the structural 
formulae 



o 




UVR-6110 
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UVR-6128 

Additional diepoxy compounds include, but 
are not limited to, 2- (3, 4-epoxycyclohexyl-5 .5- 
spiro-3 , 4-epoxy) cyclohexane-metal-dioxane, 1,6- 
hexanediol diglycidyl ether, dipropylene glycol 
diglycidyl ether, diglycidyl ether of polypropylene 
glycol, ethylene glycol diglycidyl ether, a digly- 
cidyl ether of phthalic acid, a diglycidyl ether of 
hexahydrophthalic acid, propylene glycol dioleate 
epoxide, limonene dioxide, a cresol-novblac diepoxy • 
compound, 




other diepoxy compounds, and mixtures thereof. 

The diepoxy compound also can be a sili- 
cone -containing compound, such as UV94 00, UV9315, 
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and UV500A, available from GE Silicones, Waterford, 
ny. UV9400, UV9315, and UV500A contain 80-99%, by 
weight:, of dimethyl methyl, 2- (7-oxabicyclo (4 • 1 . 0) - 
hept-3-yl) ethyl silicone having (dimethyl (2- (7- 
oxabicyclo (4.1.0) hept - 3 -yl ) ethylsi lyl ) -oxy ) terminal 
groups. The epoxysilicone in UV9400, UV9315, and 
UV500A has a CAS No. 150678-61-8. UV9300 is another 
suitable epoxysilicone (containing 80-99%, by 
weight, dimethyl, methyl, 2 (7-oxabicyclo (4 . 1 . 0) 
help-3-yl) ethyl) silicone (CAS No. 67762-95-2), also 
available from GE Silicones. 

An additional epoxy-f unctional silicone 
available from the GE Silicones is UV9320 containing 
80-99%, by weight, ( 2 -hydroxyphenyl) propyl , trimeth- 
yl -heptyl - 3 -yl ) ethyl , methyl - 3 -methyl - 2 7 ( 7 -oxabi - 
cyclo (4.1. 0) hept-3-yl) ethylsilyl) oxy) silicone 
having dimethyl siloxy terminal groups (CAS No. 13- 

* 

885-21-1) . Additional epoxysilicone compounds are 
disclosed in Koshar et al . U.S. Patent No. 
4,313,988, incorporated herein by reference. 

The difunctional compound also can be a 
vinyl epoxy compound having a structural formula 



CH 2 =C — C— OCH 2 CH CK 2 

R 1 



wherein R 1 is hydrogen or methyl. 

In addition to the above (meth) acrylate 
epoxy compounds, the vinyl epoxy compounds can be 
any compound having a carbon-carbon double bond and 
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a glycidyl group. Typically, the monomer is a gly- 
cidyl ester of an a, (3 -unsaturated acid, or anhydride 
thereof. The a, (3 -unsaturated acid can be a monocar- 
boxyllc acid or a dicarboxylic acid. Examples of 
5 such carboxylic acids include , but are not limited 
to, acrylic acid, methacrylic acid, ethacrylic acid, 
oe-chloroacrylic acid, oc-cyanoacrylic acid, (J-methyl- 
acryiic acid (crotonic acid) , cr-phenylacrylic acid, 
(S-acryloxypropionic acid, sorbic acid, a-chloro- 

10 sorbic acid, angelic acid, cinnamic acid, p-chloro- 
cinnamic acid, p-stearylacrylic acid, itaconic acid, 
citraconic acid, mesaconic acid, glutaconic acid, 
aconitic acid, maleic acid, fumaric acid, tricar- 
boxyethylene , maleic anhydride, and mixtures there- 

15 of. 

Specific examples of vinyl epoxy compounds 
include, but are not limited to, glycidyl (meth) - 
acrylate (i.e., glycidyl methacrylate and glycidyl 
acrylate) , mono- and diglycidyl itaconate, mono- and 
20 diglycidyl maleate, and mono- and diglycidyl 

* 

fumarate. It also is envisioned that ally! glycidyl 
ether and vinyl glycidyl ether can be used as the 
difunctional epoxy compound. 

The difunctional compound also can be a 

25 divinyl compound, and in preferred embodiments a 
divinyl ether. Nonlimiting examples of divinyl 
compounds useful in the present invention are di- 
vinyl ether, diethylene glycol divinyl ether, 1,4- 
butanediol divinyl ether, triethylene glycol divinyl 

30 ether, and 1 , 4 -cyclohexanedimethanol divinyl ether. 
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In addition to the di functional compound, 
the radiation-curable coating composition contains a 
polyfunctional reactive diluent. The polyf unctional 
reactive diluent preferably is present in an amount 
of about 10% to about 20%, and more preferably about 
12% to about 18%, by weight, of the composition. 

The polyfunctional reactive diluent re- 
duces the viscosity of the radiation-curable com- 
position, and facilitates application of the com- 
position to a score line. The polyfunctional re- 
active diluent also reacts with the difunctional 
compound to form a crosslinked repair coating on the 
score line. 

The polyfunctional reactive diluent is any 
compound having at least two functional groups cap- 
able of reacting with an epoxy or vinyl group of the 
difunctional compound, and forming a crosslinked 
polymer with the difunctional compound. The poly- 
functional reactive diluent typically comprises a 
polyol, and preferably a triol . 

Nonlimiting examples of the polyfunctional 
reactive diluent include hydroxy- terminated polyol s, 
and preferably e-caprolactone triols, such as the 
trif unctional polyols TONE* 03 01, 03 05, and 0310, all 
available from Union Carbide Corp., Danbury, CT. 
Other useful polyfunctional reactive diluents in- 
clude glycerol, a polyether polyol, a polyester 
polyol, 1 , 2 , 6-hexanetriol , pentaerythritol , and 
other triols known to persons skilled in the art. 
The polyfunctional reactive diluents can be used 
alone or in admixture. 
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The radiation-curable coating composition 
also contains a photoinitiator . The photoinitiator 
preferably is present in an amount of about 2% to 
about 8%, and more preferably about 2% to about 7%, 
5 by weight, of the composition. To achieve the full 
advantage of the present invention , the photoiniti- 
ator is present in an amount of about 3% to about 
6%, by weight, of the composition. 

For UV- and e- beam -curable compositions, 
10 the photoinitiator preferably is a cat ionic photo- 
initiator. For infrared (IR) -curable compositions, 
the photoinitiator preferably is a thermally-blocked 
acid catalyst. 

■ 

For UV- and e -beam- radiation curing, the 

15 photoinitiator can be any initiator used in a UV- or 
e-beam-curing application. In particular, a cat- 
ionic initiator is preferred, and can be a sulfonium 
salt, an iodonium salt, or a mixture thereof. The 
anion of these salts is not limited, but preferably 

20 is a complex anion containing Group Va or Via ele- 
ments. Exemplary, but rionlimiting, elements present 
in the anions are, for example, boron, phosphorus, 
antimony, arsenic, and tin. Nonlimiting examples of 
suitable anions include, but are not limited to, 

25 BF 4 ~, PF 6 ", AsF 6 ", SbF 6 ' , SnCl 6 " , SbCl 6 " , BiCl 5 " 2 , Cl6 4 ~, 
HSCV, ZrF 6 ~ 2 , GaCl 4 ~, InF 4 ~, TiF 6 ~, Alf 6 ", and FeCl 4 ~ 2 . 

Nonlimiting examples of specific sulfonium 
salt photoinitiators include the triaryl sulfonium 
complex salts, such as phenoxyphenyl sulfonium hexa- 

30 f luorophosphate , trif luoromethyl diphenyl sulfonium 
tetraf luoroborate, triphenyl sulfonium tetraf luoro- 
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Many sulfonium salt photoinitiators are 
available commercially. For example, a suitable 
sulfonium salt initiator is available under the 
trade name CYRACURE* UVI-6974 from Union Carbide 
5 Corporation, of Danbury, CT. CYRACURE* UVI-6974 
contains a mixture of ( thiodi-4 , 1-phenylene) bis- 
(diphenyl- sulfonium) hexaf luoroantimonate and di- 
phenyl (4 -phenyl thiophenyl) sulfonium hexaf luoro- 
antimonate, and is sold as. a 50 wt% solution in 

10 propylene carbonate. 

Preferred sulfonium salt initiators are 
CYRACURE* UVI-6976 and UVI-.6992, i.e., mixed tri- 
arylsulf onium hexaf luoroantimonate salts and mixed 
triarylsulf onium hexaf luorophosphate salts, respec- 

15 tively, having the structures: 




20 UVI-6974 
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UVI-6990 



5 

Another preferred sulfonium photoini tiator available 
from Union Carbide Corporation is CYRACURE* UVI-6990. 
UVI-6990 contains bis (4- (diphenylsulf onio) phenyl) 

10 sulfide bis (hexaf luorophosphate) and diphenyl phen- 
ylthiophenyl sulfonium hexaf luorophosphate , and is 
sold as a 50% solution in propylene carbonate. 

Nonlimiting examples of useful iodonium 
salt initiators include the aryl iodonium salts, 

15 such as diphenyl iodoniuim tetraf luoroborate , di(2,4- 
dichlorophenyl) iodonium hexaf luorophosphate , di- 
phenyl iodonium hexaf luorophosphate, diphenyliodonium 
hexaf luoroarsenate , diphenyliodonium iodide , diphen- 
yliodonium hexaf luoroant imonate , 4-chlorophenyl- 

20 phenyl iodonium tetraf luoroborate , di (4 -chlorophen- 
yl) iodonium hexaf luoroant imonate , diphenyliodonium 
hexaf luorophosphate, diphenyliodonium trif luoroace- 
tate , 4 - trif luoromethylphenylphenyl iodonium tetra- 
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the composition. To achieve the full advantage of 
the present invention, the monof unctional diluent is 
present in an amount of about 2% to about 8%, by 
weight, of the composition. In preferred embodi- 
ments, the composition contains an alcohol and an 
epoxy as monof unctional reactive diluents. 

Examples of suitable epoxy compounds use- 
ful as the monof unctional reactive diluent include, 
but are not limited to, epoxidized Ci 0 to C 30 alpha 
olefins, particularly epoxidized Cio# Cia# C a4 , C i6 , 
and Cia alpha olefins, such as 1 , 2- epoxyhexadecane , 
1 , 2-epoxydecane, and 1 , 2 -epoxytetradecane ? alpha 
pinene oxide; limonene monoxide; epoxidized poly- 
butene; mixed cycloaliphatic monoepoxides (e.g.., 
CYRACURE* UVR-6100 and UVR-6216, available from Union 
Carbide), and mixtures thereof. 

Examples of suitable alcohols useful as 
the monof unctional reactive diluent include, but are 
not limited to, butanol, n-propanol, hexanol, 
octanol , diacetone alcohol, and mixtures thereof. 
Glycol ethers also can be used as the monof unctional 
reactive diluent. Useful glycol ethers include, but 
are not limited to, ethylene glycol monomethyl 
ether, ethylene glycol monoethyl ether, ethylene 
glycol monobutyl ether, propylene glycol monomethyl 
ether, and mixtures thereof. 

The radiation-curable coating composition 
also can include other optional ingredients that do 
not adversely affect the radiation-curable coating 
composition or a cured coating composition resulting 
therefrom. Such optional ingredients are known in 



the art, and are included in a radiation-curable 
coating composition to enhance composition esthet- 
ics, to facilitate manufacturing and application of 
the radiation-curable coating composition, and to 
further improve a particular functional property of 
a radiation-curable coating composition or cured 
coating composition resulting therefrom. 

The optional ingredients are present in 
the radiation-curable coating composition in an 
amount of 0% to about 10% in total, and, individual- 
ly, in an amount of about 0% to about 2%, by weight, 
of the composition.* In general, each optional in- 
gredient is included in a sufficient amount to serve 
its intended purpose, but not in such an amount to 
adversely affect a radiation-curable coating com- 
position or a cured coating composition resulting 
therefrom. 

For example, a surfactant, and typically a 
silicone surfactant, is included in the composition 
in an amount of 0% to about 0.5%,. by weight, of the 
composition. Examples of useful silicone surfac- 
tants include SILWET L-7604 or L-7500, available 
from WITCO Corp., NY, NY. 

Another optional ingredient of the radia- 
tion-curable coating composition is an optical 
brightener, present in an amount of 0% to about 
0.05%, by weight, of the composition. The optical 
brightener is useful in quality control of the 
easily openable can ends to determine whether the 
radiation-curable coating composition homogeneously 
covers the score line. An example of a useful opti- 
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cal brightener is UVITEX* DB, having a structural 
formula 

Other optical brighteners known to persons skilled 
in the art also can be used in the radiation-curable 
coating composition, alone or in admixture. 

Other optional ingredients include, but 

are not limited to, dyes, pigments, additional anti- 

• > 

corrosion agents, antioxidants, adhesion promoters, 
light stabilizers, a viscosity reducer (e.g., a 
solvent), slip and mar resistance additives (e.g., a 

• • • 

silicon fluid, like DC-57, available from Dow 
Corning Corp., Midland, MI), and mixtures thereof. 

In accordance with an important feature of 

• * 

the present invention, the radiation-curable coating 
composition can be free of solvents, i.e., having no 
(0%) volatile organic content (VOC) . A composition 
having a low VOC is important with respect to meet- 
ing environmental regulations and protecting workers 
in manufacturing plants from the effects of organic 
solvent vapors . 

If desired, a radiation-curable coating 
composition of the present invention can contain up 
to 3 0%, by weight, of an aqueous or an organic sol- 
vent. In some cases, a solvent is useful to reduce 
the viscosity of the UV-curable coating composition, 
which facilitates application of the radiation-cur- 
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able coating composition to the score line of the 
can end. The solvent has sufficient volatility to 
evaporate essentially entirely from the coating 
composition during the curing process. 

If coating composition ingredients can be 
solubilized in an aqueous solution, the solvent is 
water. Water can be included in an amount up to 
30%, by weight, of the composition, and does not 
introduce a VOC content to the composition. From an 
environmental and toxicological standpoint, water is 
a preferred solvent. However, many radiation -cur- 
able coating compositions are not amenable to solu- 
bilization or dispersion in water. in such cases, 

• • • 

an organic solvent can be included in the radiation- 

a * 

curable coating composition. 

■ • 

In general, a suitable organic solvent has 
sufficient volatility to evaporate essentially en- 
tirely from the coating composition during the radi- 
ation curing and optional heating steps quicJcly # 

■ 

p ■ ■ « * 

essentially entirely, and relatively rapidly to 
provide a cured coating composition that inhibits 
the corrosion of a scope line. 

Essentially any organic solvent is useful 
in the present radiation-curable coating composition 
as long as the organic solvent adequately disperses 
and/or solubilizes the composition components; is 
inert with respect to interacting with composition 
components which adversely affects the stability of 
the coating composition or the ability of the 
coating composition to effectively cure. Suitable 
organic solvents for the UV-curable coating composi- 
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tions include, but are not limited to, ketones , like 
acetone, cyclohexanone, methyl ethyl ketone, ethyl 
aryl ketones, methyl aryl ketones, and methyl 
isoamyl ketone; aromatic hydrocarbons, like toluene, 
benzene, and xylene; aliphatic hydrocarbons, like 
mineral spirits, kerosene, and high flash VM&P 
naphtha; aprotic solvents; like tetrahydrof uran; 
chlorinated solvents; esters; glycol ether esters, 
like propylene glycol monomethyl ether acetate; and 
mixtures thereof. Preferred organic solvents are 
VOC-exempt solvents. Most preferred organic sol- 
vents comprise acetone, toluene, or a mixture 
thereof . 

An organic solvent is included in the com- 
position in an amount of 0% to about 30%, by weight, 
of the composition. Typically, a sufficient amount, 
of organic solvent is included in the radiation-cur- 
able coating composition to provide a composition 
that can be processed easily, that can be applied to 
a metal substrate easily and uniformly, and that is 
sufficiently removed from the coating composition 
during cure within the desired cure time. The VOC 
of the UV-curable coating composition, therefore, is 
maintained as low as possible, and down to 0% VOC in 
cases wherein no solvent is used or wherein the 
solvent is water. 

A radiation-curable coating composition is 
prepared by simply admixing composition ingredients 
in any desired order, in the optional solvent , with 
sufficient agitation. The resulting mixture is ad- 
mixed until all the composition ingredients are 
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is left unprotected, the exterior surface of the can 
end is subject to corrosion during processing of a 
product packaged in the metal container (e.g., dur- 
ing a retort for packaged food products) or during 
storage of the packaged product. In accordance with 
an important feature of the present invention, the 
radiation- curable coating composition is applied 
along the score line of a can end to impart corro- 
sion resistance to the score line, i.e., is applied 
. as a repair coating to the score line. 

The radiation-curable coating composition 
is applied to the area of the score line of the 
metal can end. Coating substantial additional por- 
tions of the metal can end are unnecessary because 
the remainder of the can end has a protective 
coating, and, therefore, application of the radia- 
tion-curable coating composition is wasteful and 
adds unnecessary cost to the manufacturing process. 
The radiation-curable coating composition is applied 
by any method known to persons skilled in the art, 
for example, by spraying, rolling, or daubing. One 
method of applying a repair coating to a score line 
is disclosed in WO 93/00173. 

To demonstrate the unexpected benefits 
provided by applying a radiation-curable coating 
composition to the score line of a can end, the 
following UV-curable composition was prepared, then 
applied to the score line of a metal can end. The 
resulting metal can ends then were tested for corro- 
sion resistance, and compared to can ends coated 
with a present-day commercial repair coating. The 
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following example and test results illustrate some 
important features and embodiments of the present 
invention, and illustrate improved methods of 
imparting corrosion resistance to the score line of 
5 an easily openable metal can end. 



Example 1 


Ingredient 


Weight % 


CYRACURE* UVR-6110 


74.04 


TONE* POLYOL 0301 


6.30 


TONE* POLYOL 0310 


7.30 


CYRACURE* UVI-6990 


4 .40 


1,2- Epoxydecane 


2.90 


n-Butanol 


4 .70 


DC- 57 silicone 


0.30 


Silicone surfactant 11 


0.05 


Optical bright ener 2 ' 


0.01 


Total 


100.00 



l} CoatOSil* 3500, available from Eastech Chemicals, Inc. 
Philadelphia, PA; and 

10 

21 uvitex* OB, available from Ciba Specialty Chemicals, 
Tarry town , NY . 



Example 2 


Ingredient 


Weight % 


Example 1 


80 


Acetone 


20 


Total 


100 



15 

As previously stated, can end manufac- 
turers have applied a wax-based repair coating to 
the score line of easily openable can ends. The 
20 repair coating serves to protect the score line from 
rusting and other forms of visible corrosion due to 
the reaction of the exposed metal with ambient oxy- 
gen and moisture. These conditions are encountered 



32 



during storage, and especially during water/steam 
retort sanitation cycles* 

Wax -based repair coatings generally do not 
provided adequate corrosion protection during water 
retort cycles, which results in an observable rust- 
ing around the score line following water proces- 
sing. This corrosion leads to complaints, and re- 
turned can ends, by customers. Although this cor- 
rosion is merely an esthetic defect, the corrosion 
limits the number of ends a manufacturer can manu- 
facture and sell because not all customers accept 

» 

ends of this quality. 

The radiation-curable coating compositions 
• < • * 

disclosed herein provides substantially improved 

» * - • • 

corrosion resistance along the score line, and con- 
forms to strict VOC emission standards present . in 
many manufacturing plants. A present radiation- 
curable coating composition contains no reportable 
VOC in many embodiments, and a low reportable VOC 
(i.e., 30% or less) in other embodiments. A radi- 
ation-curable coating composition can be applied to 
the score line in a spray-type application, and is 
cured using UV, e-beam, or IR radiation and an 
optional heating step. The heating step is used to 
ensure completeness of the curing reactions, reduce 
or eliminate the amount of potential extractables in 
the cured coating composition, and to improve adhe- 
sion of the repair coating to the metal can end. 

In the present process using UV radiation, 
a dose of UV radiation is administered after appli- 
cation of the UV- curable coating composition and 
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impart corrosion resistance to easily openable can 
ends. The composition of Example 1 or 2 was applied 
to the score line of a metal can end, followed by 
curing using two 600-watt/inch UV bulbs. The coated 
score line was directly exposed to UV radiation 
during the curing step. The curing step also in- 
cluded an optional thermal treatment after exposure 
to UV radiation. 

In an initial test, the composition of 
Example 1, having a viscosity of about 4 0 seconds 
(#4 Ford Cup) , was applied to easily openable can 
ends on a commercial press. Five minutes after 
application, the can ends were visually observed to 
determine whether a sufficient amount of Example 1 
was applied to the can ends. In this initial test, 
it was determined that about 50% of the -score line 
was coated. Even though the amount of Example 1 on 
the score line was not optimized, the coated can 
ends were subjected to a dose of UV radiation to 
cure the composition. It was found that the UV- 
curable coating composition was adequately cured by 
the UV radiation dose afforded by two 600-watt/in 
bulbs after 2 to 5 seconds . 

In order to improve the flow and applica- 
tion of the UV- curable coating composition to the 
score line, the composition of Example 1 was heated 
to about 90°F (32°C) to about 100°F (38°C) prior to 
application to the score line. The viscosity of the 
heated Example 1 was about 25 seconds (#4 Ford Cup) . 
Application of the heated composition to the score 
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line of the metal can ends significantly improved 
coverage of the score line. 

From these initial tests it was determined 
that, to achieve sufficient coverage of the score 
5 line, the radiation-curable coating composition has 
a viscosity of about 10 to about 35, and preferably 
about 10 to about 30, seconds (#4 Ford Cup) . To 
achieve the full advantage of the present invention, 
the radiation- curable coating composition has a 

10 viscosity of about 10 to about 25 seconds (#4 Ford 
Cup). The desired viscosity can be achieved by a 
judicious selection of composition ingredients for a 
0% VOC composition, by incorporating up to about 
30%, by weight, of a solvent into the composition, 

15 and/or by heating the radiation-curable coating 

composition prior to application to the score line. 

In another test, several can ends were 
coated using the heated composition of Example 1. 
These can ends then were subjected to a dose of UV 

20 radiation. A portion of these can ends also were 
heated at 250°F (121°C) to 275°F (135°C) for three 
minutes. The score line coverage of all ends was 
compared to can ends having a commercial wax-based 
repair coating. All can ends were soaked in an 

25 aqueous copper sulfate solution for 30 seconds, then 
examined for score line corrosion. 

The can ends coated with Example 1 had an 
average score line coverage of about 80%. Surpris- 
ingly, the production control ends displayed an 

30 average coverage of 0%, indicating complete score 
line failure. 
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In addition to the copper sulfate test, 
some of the can ends subjected to a heating step 
were "opened" and analyzed for a tendency to feather 
or hair. Product ion- coated ends using a wax-based 
repair coating were used as the control. This test 
showed that the ends coated with Example. 1 showed 
very little to no feathering and/or hairing, whereas 
the control ends displayed slight feathering and 
slight hairing. 

Another series of tests was performed 
using the composition of Example 2. The composition 
of Example 2 has a viscosity of 11 seconds (#4 Ford 
Cup) and contains 20% VOC, i.e., acetone. 

The composition of Example 2, .unheated, 
was applied to the score line of metal ends on a 
commercial press. The score lines had a 93% to 95% 
coverage. The sole area of the score line that was 
. not well covered was the region where the score line 
was physically blocked by the pull tab of the easily 
openable can end. 

The can ends (about 50 to 75) coated with 
the composition of Example 2 were UV cured. After 
UV curing, the UV-curable coating composition 
applied to the score line was tack free. A portion 
of the UV-cured can ends were subjected to a heating 
step at 250°F (121°C) to 275°F (135°C) for three 
minutes. A second portion of the cured can ends 
were heated at about 150°F (65°C) for about 90 
seconds. The third portion of the cured can ends 
were not subjected to a thermal heating step. 
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In another test, the compositions of 
Examples 1 and 2 were applied to the score line of 
easily openable can ends, then UV cured. A portion 
of the can ends also were subjected to a heating 
5 step after UV curing, i.e., heating at 250°F (121°C) 
to 300°F (149°C) for about three minutes. Another 
portion of the UV-cured can ends were subjected to a 
standard baking ladder in a gas forced draft oven. 
A three-minute baking time was used for each bake. 

10 Baking in this oven was performed at peak metal 

temperatures (PMT) of 250°F (121°C) , 300°F (149°C) , 
350°F (177°C) , and 400°F (204°C).: Three ends were 
baked at one time. Using this oven, the ends were 
expected to be at the target PMT for about 60 to 

15 about 90 seconds. 

The following tests then were performed on 
the UV-cured, heat-treated can ends: 

Application Coverage: This is defined as 
the percent of the score line effectively covered by 

20. the coating composition. Application coverage is 

measured by immersing a coated end in a solution of 
copper sulfate to highlight uncovered areas. The 
rating scale is 0-100%, with 100% equating to no 
visible corrosion. This coverage was measured on a 

25 set of ends that were exposed to the UV cure step 
only. 

Retort Coverage: This is defined as the 
percent of the score line that remains effectively 
covered following a 90-minute, 250°F (121°C) water 
3 0 retort step. After retort, the coated end is 

immersed in a solution of copper sulfate for 30 
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seconds to highlight any uncovered areas. The 
rating scale is 0-100%, with 100% equating to no 
visible corrosion. 

Adhesion: This is a measure of the adhe- 
sion of the score repair coating to the score line 
and/or end exterior coating. The adhesion is mea- 
sured prior to and following a 90-minute, 250°F 
(121°C) water retort step using SCOTCH* #610 tape. 
The rating scale is 0-100%, with 100% equating to no 
visible adhesion loss. 

Blush Resistance: This is defined as the 
resistance of the score line repair coating from 
developing visible blushing in a 90-minute water or 
steam retort. The rating scale is 0-100%, with 100% 
equating to no visible blushing. 

Gasket Damage: This is a measurement of 
whether the heating step caused visible damage 
(e.g., blistering. or burning) to the interior gasket 
of a metal container. For any samples where damage 
was observed, a description of the damage is noted, 
e.g., "Blistering, 11 appears in the appropriate 
column of Table l. 
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Tests using a commercial, wax-based repair 
coating showed that coverage of the score line with 
this control composition was sporadic, as shown in 
the initial coverage of the score line on "produc- 
tion" ends ranged from about 0-60%. Not one of the 

■ 

control ends surveyed was found to provide 100% 
score line coverage * 

In addition to the initial coverage mea- 
surement, several control ends were subjected to a 
90-minute, 250°F (121°C). water retort (50% of the 
end in the vapor (steam) phase and 50% of the end 
submerged in the liquid phase) . Following retort, 

* 

the ends were exposed to a copper sulfate solution 

» 

for 30 seconds, and the score line coverage was 
measured. In this test, it was found that these 

w * 

control ends did not: provide any. observable degree 
of corrosion protection. All of the retorted 
control ends showed complete failure, i.e., all of 
the ends were rated as "0%," indicating that the 
level of corrosion protection was zero. Because the. 
wax-based repair coating was completely removed from 
the ends during retort, assessments of blush and 
adhesion performance were not possible. 

Similar tests were performed on the ends 
that were coated with the composition of Example 1. 
For Example 1, the initial coverage was evaluated 
after UV cure only. In this test, the average 
initial coverage was about 14%. The low initial 
coverage value is attributed to an inconsistent 
application coverage with Example 1. This conclu- • 
sion is substantiated by the application behavior of 
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Example 1 observed in preliminary tests and the 
observation that many of the retorted ends showed 
significantly better initial coverage. The improved 
results observed with these retorted ends indicates 
better coverage than those examined for the "initial 
coverage" testing . 

This set of can ends also was evaluated 
using thermal postbakes of 3 minutes at 250°F, 
300°F, 350°F, and 400°F. ..When evaluated for retort 
performance , these can ends showed significantly 
better corrosion protection than the control ends. 
The average coverage of postbaked samples was 53.0%. 
These results indicate that the initial application 
coverage is the controlling factor in determining 
the retort performance, not the optional heating 
step. No blushing or adhesion loss was noted 
following retort for any of the postbaked can ends. 

In summary, it Was found that the composi- 
tion of Example 1, after UV cure; performs accept- 
ably for retort corrosion, adhesion, and blush re- 
sistance using the postbakes evaluated. However, 
its application to the can end was somewhat defi- 
cient because of the viscosity of the composition. 

Similar tests were performed on can ends 
coated with composition of Example 2. Example 2 
showed significantly better initial coverage than 
the composition of Example 1. The average initial 
coverage for Example 2 was about 76%, compared to 
about 14% for Example 1. The composition of Example 
2 offered improved flow through the feed lines and 
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applicator, which improved the on-line application 
coverage . 

Retort testing also was performed on can 
ends coated with the composition .of Example 2. The 
5 same postbake conditions used for. can ends coated 
with Example 1 were used for can ends coated with 
Example 2. However, the use of a "compound oven" 
also was used as a postbake alternative. As in the 
case with Example 1, there was little differentia - 

10 tion among the postbaked can ends. All of the 

heated can ends tested provided adequate adhesion 
and blush resistance. Overall, the corrosion pro- 
tection of ends coated with Example 2 was signifi- 
cantly improved over can ends coated with Example 1. 

15 . The postbaked ends showed an average corrosion pro- 
tection after retort of about 78% for Example 2 
compared to about 53% for Example 1. This indicates 
a much more consistent, uniform initial coverage of 
the score line by the composition of Example 2 . 

20 Many of the retorted ends in this set of can ends 
exhibited a corrosion failure of only about 5% to 
15%. This failure was confined essentially to the 
area of the score line that is physically blocked 
from good contact with the repair coating by the 

25 pull tab. 

Therefore, it has been found that a UV- 
curing coating composition outperforms present-day 
repair coatings for the score line of an easily 
openable can end. In particular, a wax-based repair 
30 coating performed poorly following retort testing 
and showed essentially 100% failure. Can ends 
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coated with the composition of Example 1 provided 
significantly better retort corrosion protection 
than the control repair coating* It also was found 
that, in the areas where the composition of Example 
1 were initially applied, adequate blush and corro- 
sion resistance was provided. The composition of 
Example 2 provided significantly improved applica- 
tion properties and resulted in more effective score 
line protection during water retorting. . 

In addition, the interior gasket material 
was not sensitive to the optional heating step be- 
cause no visual damage to the gasket of a metal con- 
tainer was observed for any of the* heated can ends . 

Radiation-curable coating compositions 
also can be cured by e-beam or infrared radiation. 
In these embodiments, the amount of e-beam or infra- 
red radiation applied to the radiation -curable coat- 
ing composition essentially is equivalent to the 
amount of UV radiation applied to a UV-curable ■ 
composition. For IR- curable coating compositions, 
the photoinitiator preferably is a thermally-blocked 
acid initiator. 

Modifications and variations of the inven- 
tion as hereinbefore set forth can be made without 
departing from the spirit and scope thereof, and, 
therefore, only such limitations should be imposed 
as are indicated by the appended claims. 



• 
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WHAT IS CLAIMED IS t 

1. A method of imparting corrosion re- 
sistance to a score line of an easily openable metal 
can end comprising the steps of : 

(a) providing a metal can end having a 
score line; 

(b) applying a layer of a radiation- 
curable coating composition to the score line to 
provide a coated metal can end; arid 

(c) exposing the coated metal can end to 
a sufficient dose of radiation to, cure the radia- 
tion-curable coating composition and form a cured 
coating composition on the score line. 

2. The method, of claim 1 f urther com- 
prising the step of: 

(d) heating the coated metal can end re- 
sulting from step (c) for about one to about five 
minutes at about 65°C to about 205 °C for about one 
to about five minutes. 

3 . The method of claim 1 wherein the 
metal can end is manufactured from a metal selected 
from the group consisting of aluminum, tin- free 
steel, tinplate, steel, zinc-plated steel, zinc 
alloy-plated steel, lead-plated steel, lead alloy- 
plated steel, aluminum-plated steel, aluminum alloy- 
plated steel, and stainless steel. 
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4 . The method of claim 1 wherein the 
radiation-curable coating composition comprises: 

(a) a di functional compound, 

(b) a polyf unctional reactive diluent, 

and 

(c) a cationic photoinitiator . 



5. The method of claim 4 wherein the 
radiation-curable coating composition further com- 
prises: 

(d) up to about 12%, by weight, of a 
monof unctional reactive diluent. 

> 

6 . The method of claim 4 wherein the 
radiation-curable coating composition further com- 
prises up to about 30% of a solvent selected from 
the group consisting of water, an organic solvent, 
or a mixture thereof . 

7. The method of claim 1 wherein the 
radiation-curable coating composition comprises 
about 60% to about 85%, by weight , of the difunc- 
t i ona 1 compound . 

i 

8 . The method of claim 1 wherein the 
radiation-curable coating composition comprises 
about 10% to about 20%, by weight, of the polyf unc- 
tional reactive diluent. 
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9. The method of claim 1 wherein the 
radiation-curable coating composition comprises 
about 2% to about 8%, by weight, of the photoini- 
tiator . 

10. The method of claim 4 wherein the 
difunctional compound is selected from the group 
consisting of a diepoxy compound, a vinyl epoxy 
compound, a divinyl compound, or a mixture thereof. 

11. The method of claim 10 wherein the 
diepoxy compound comprises a cycloaliphatic diepoxy 
compound . 
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12 . The method of claim 11 wherein the 
cycloaliphatic diepoxy compound is selected from the 
group consisting of 3,4-epoxycyclohexylmethyl-3,4- 
epoxycyclohexane carboxylate, bis (3 , 4-epoxycyclo- 
hexyDmethyl adipate, 2- (3 , 4 -epoxycyclohexyl-5 . 5- 
spiro-3,4-epoxy) cyclohexane-raetal -dioxane, 1,6- 
hexanediol diglycidyl ether, dipropylene glycol 
diglycidyl ether, diglycidyl ether of polypropylene 
glycol, ethylene glycol diglycidyl ether , a digly- 
cidyl ether of phthalic acid, a diglycidyl ether of 
hexahydrophthalic acid, propylene glycol diole^te 

epoxide, limonene dioxide, a cresol -novolac diepoxy 

« 

compound , 




and mixtures thereof 



13. The method of claim 10 wherein the 
vinyl epoxy compound has a structure 



o .0 
II / \ 

CH 2 =<j:— C— OCH 2 CH CH 2 

R 1 



wherein R 1 is hydrogen or methyl. 



14 . The method of claim 10 wherein the 
vinyl epoxy compound is selected from the group 

■ 

consisting of glycidyl methacrylate, glycidyl 
acrylate, mono- and diglycidyl itaconate, mono- and 
diglycidyl maleate, mono- and diglycidyl fumarate, 
that allyl glycidyl ether, vinyl glycidyl ether, and 
mixtures thereof . 



15. The method of claim 10 wherein the 
divinyl compound is selected from the group con- 
sisting of divinyl ether, diethylene glycol divinyl 
ether, 1 , 4 -butanediol divinyl ether, triethylene 
glycol divinyl ether, and 1 , 4 -cyclohexanedimethanol 
divinyl ether. 



16. The method of claim 4 wherein the 
polyf unctional reactive diluent is selected from the 
group consisting of an e-caprolactone triol, glycer- 
ol, a polyether polyol, a polyester polyol, 1,2,6- 
hexanetriol, pentaerythritol , and mixtures thereof. 
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17. The method of claim 4 wherein the 
polyfunctional reactive diluent comprises a hydroxy- 
terminated polyester. 

18 . The method of claim 4 wherein the 
photoinitiator comprises a sulfonium salt, an 
iodonium salt, a thermally-blocked acid catalyst, or 
a mixture thereof . 

19. The method of claim 4 wherein the 
photoinitiator comprises ( thiodi-4 , 1-phenylene) bis- 
(diphenyl- sulfonium) hexaf luoroantimonate , diphenyl- 
(4 -phenyl thiophenyl ) sulfonium hexaf luoroantimonate, 
triarylsulf onium hexaf luoroantimonate salts, mixed 
triarylsulf onium hexaf luorophosphate salts, bis (4- 
(diphenylsulf onio) phenyl) sulf ide bis (hexaf luoro- 
phosphate) , diphenyl phenyl thiophenyl sulfonium 
hexaf luorophosphate, para -toluene sulf onic acid, 
dinonylnaphthelene disulfonic acid, dinonylnaphthal- 

* 

ene monosulfonic acid, dodecylbenzene sulfonic acid, 
and mixtures thereof . 

20. The method of claim 5 wherein the 
monof unctional reactive diluent comprises an 
alcohol, a glycol ether, an epoxy compound, or a 
mixture thereof . 
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21. The method of claim 20 wherein the 
epoxy compound comprises an epoxidized C 10 to C 30 
alpha olefin, 1, 2-epoxyhexadecane, 1,2-epoxydecane, 
1 , 2-epoxytetradecane, alpha pinene oxide, limonene 
monoxide, epoxidized polybutane, a cycloaliphatic 
monoepoxide, and mixtures thereof. 

22. The method of claim 21 wherein the 
alcohol or glycol ether comprises butanol, n- 
propanol, hexanol, octanol, diacet^one alcohol, 
ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, ethylene glycol monobutyl ether, 
propylene glycol monomethyl ether, and mixtures 
thereof . 

• ■ ■ * 

23 . The method, of claim 4 wherein the 
ultraviolet -curable coating composition further comr 
prises at least one. of: 

up to about 0.5%, by weight, of a silicone 
surfactant; 

up to about 0.05%, by weight, of an opti- 
cal brightener; and 

up to about 2%, by weight, of a slip- and 
mar-resistance additive . 
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24 . The method of claim 6 wherein the 
solvent is selected from the group consisting of 
acetone, cyclohexanone, methyl ethyl ketone, ethyl 
aryl ketones, methyl aryl ketones, methyl isoamyl 
ketone, toluene, benzene, xylene ,. mineral spirits, 
kerosene, high flash VM&P naphtha, tetrahydrof uran, 
a chlorinated solvent, propylene glycol monomethyl 
ether acetate, and mixtures thereof. 

25. The method of claim 6 wherein the 
solvent comprises water. 

26. The method of claim 1 wherein the 
radiation-curable coating composition applied in 
step (b) has a viscosity of about 10 to about 35 
seconds (#4 Ford Cup) . 

27. The method of claim 1 wherein the 

■ 

coated metal can end in step (b) is subjected to 
radiation in an amount of about 50 to about 300 
mil li joules of per square centimeter of the coated 
metal can end. 

28. The method of claim 4 wherein the 
photoinitiator comprises a cationic photoinitiator 
and the radiation is ultraviolet or e-beam radia- 
tion . 



- 53 - 

29. The method of claim 4 wherein the 
photoinitiator comprises a thermally-blocked acid 
catalyst and the radiation is infrared radiation. 

» 

30. An easily openable can end prepared 
by the method of claim 1 . 

* * 

31. An easily openable can end having a 
score line coated with a radiation cured coating. 

* 

32. A metal container having an easily 
openable can end prepared by the method of claim 1 
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ABSTRACT 

An improved easily openable end for a 
metal container, and a method of manufacturing the 
end are disclosed. The metal container is manufac- 
tured from a can body and two can ends, one of which 
is easily openable. The easily openable can end is 
manufactured from a metal substrate having a score 
line on its external surface that permits easy re- 
moval of at least a portion of the can end from the 
can body. The score line of the easily openable can 
end is coated with a radiation-curable coating 
composition that, imparts corrosion resistance along 
the score line of the easily openable can end. 



pro/sam (os-09) 

Approve for mm IhrouQh 4/30/2003. OM806S1-0032 
U.S. Pefn\ and Trsdwnaft Off**; U.9. DEPARTMENT OF COMMERCE 

U>>o^g» Pap oiwor x ReducDonAc^igss,r<operaon»a^ 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET 

This tear quart for filing • PROVISIONAL APPUCATION FOR PATENT under 37 CFR 1.63(e). 



lEKprees Mell Libel No. EV233433089US 



J 



f INVENTORY) 


I Given Name (Aral end middle pf any] ) 


Family Name or Surname 


Residence 

(City and either State or Foreign Country) I 


I Jeffrey 


Niederst 


Pittsburgh, Pennsylvania 



Additional inventors ere being named on the 



separately numbered sheets attached hereto 



TITLE OF THE INVENTION (600 characters max) 



METAL CONTAINERS HAVING AN EASILY OPENABLE END AND METHOD OF MANUFACTURING 
THE SAME 



| Direct an correspondence to: 
| x | Customer Number 



CORRESPONDENCE ADDRESS 



04743 



Customer Number 



OR 




Customer Number 



I r^HFlrmor 

I I 2 I Individual Name 


James J. Napoti I 
MARSHALL. GERSTEIN & BORUN LLP 


I Address 


233 S. Wacker Drive, Suite 6300 I 
Sears Tower i 


I City 


Chicago 


State 


IL 


Zip 


60606-6357 I 


| Country 


US 


Telephone 


(312) 474-6300 


Fax 


(312)474-0448 



ENCLOSED APPLICATION PARTS (check all that apply) 



Specification Number of Pages 
Drawing(sJ Number of Sheets 



54 






1 







CD(s). Number 
Other: 



Application Data Sheet. See 37 CFR 1 .76 



METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT 



□ 



Applicant claims small entity status. See 37 CFR 1.27. 

A check or money order is enclosed to cover the tiling fees. 

The Director is hereby authorized to charge filing 

fees or credit any overpayment to Deposit Account Number: 

Payment by credit card. Form PTO-2038 is attached. 



13-2855 



FILING FEE 
AMOUNT ($) 



160.00 



The invention was made by an agency of the United States Government or under a contract with an agency of the 
United States Government 



0N O I I Yes, the name of the U.S. Government agency 
I 1 and the Government contract number are: 



Respectfully submitted, 
SIGNATURE 



[Page 1 of t ] 



TYPED OR 
PRINTED NAME 

TELEPHONE 




Date 



July 28, 2003 



James J. Napoli 



(312) 474-6614 



REGISTRATION NO. 
(if appropriate) 

Docket Number: Q 




13015739003 



USE ONLY FOR Ft LING A PROVISIONAL APPLICATION FOR PATENT 



f hereby certify that this correspondence is being deposited with the U.S. Postal Service as Express Mail, Airbill No. EV233433089US, 
in an envelope addressed to: MS Provisional Patent Application, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313- 
1450. on the date shown below. 



Dated: July 28. 2003 



Signature: 



(Laura Frasher) 



4- 




PTO*88/l7 (05-03) 
Approved for use UVouo* 04/30/2003. 01480651*0032 
U.8. Patert and Trademark Office; U.8. DEPARTMENT OF COMMERCE 





Comp/afo if Known 


FEE TRANSMITTAL 
for FY 2003 


Application Number 


Not Yet Assigned 


Filing Date 


Concurrently Herewith 


First Named Inventor 


Jeffrey Niederst 


Examiner Name 


Not Yet Assigned 


| | Appncantdaimstmansmity status. S«e37CFRi27 


Art Unit 


N/A 


TOTAL AMOUNT OF PAYMENT | ($) 160.00 


Attorney Docket No. 


13015739003 



METHOD OF PAYMENT (effek 90 that apply) 



Number 
Deposit 



13-2855 



MARSHALL, GERSTEIN & 
BORUN LLP 



The D imeter la hereby authorised to: (chec k aB that apply) 

Charge *••(•) Ind ic a te d below ^^^3 any ovsrpoyinents 
Chars* any additional *•#(•) during the pendancy of this 



Charge fee(a) Indicated below, except for the filing fee 



to the above- Identified deposit account 



FEE CALCULATION 



1. BASIC FILING FEE 
Large Entity Small Entity 
Paa Fee 



"55d* — cir 

1001 760 

1002 330 

1003 520 

1004 750 

1005 160 



Pea 


Pee 


Ctt Btifidfitisn 


Code 


ts> 




2001 


375 


Utility fifing fee 


2002 


165 


Design filing foe 


2003 


260 


Plant filing fee 


2004 


375 


Reissue filing fee 


2005 


60 


Provisional filing fee 



Fes Paid 



160.00 



SUBTOTAL (1) 



(S) 



160 00 



2. EXTRA CLAIM FEES FOR UTILITY AND REISSUE 

Extra F— from 
Clajma below Fee Paid 



Total Claims (_ 



Claims 
Multiple Dependent 




Lame Entity Small Entity 
Fee Fee 
<*> 

9 

42 



1202 
1201 

1203 
1204 



f*> 
16 
84 

280 
84 



1205 18 



2201 



Fw Preriatipn 

Claims In excess of 20 
Independent claims In excess of 3 

140 Multiple dependent claim. If not paid 

42 — Reissue Independent claims 
over original patent 

9 — Reissue claims In excess of 20 
and over original patent 



SUBTOTAL (2) RsT 



0*001 



FEE CALCULATION (oontlnuod) 



3. ADDITIONAL FEES 



Large Entity Small Entity 



Feo 

Code 


Feo 

(*> 


Feo 

Cods 


Feo 

(5) 


Fss Description 


1051 


130 


2051 


85 


Surcharge - late filing fee or oath 


1052 

IViS 


SO 


2052 

sWI 


25 


Surcharge - late provisional firing fee or cover 
shoot. 


1053 


130 


1053 


130 


Non-English t pec fflc ation 


1612 


2,520 


1612 


2,520 For fling a request for ex parte reexamination 


1604 


920* 


1604 


920* 


Requesting publication of SIR prior to 
Examiner action 


1805 


1.840* 


1605 


1,840* 


Requesting publication of SIR after 
Examiner action 




* in 

no 




. 55 


Extension for reply within first month 


1252 


410 


2252 


205 


Extension for reply within second month 


14W 




e9a_i 


485 


Extension for reply within third month 


1254 


1,450 


2254 


725 


Extension for reply within fourth month 


1255 


1,970 


2255 


985 


Extension for reply within fifth month 


1401 


320 


2401 


160 


Notice of Appeal 


1402 


320 


2402 


180 


Filing a brief In support of an appeal 


1403 


280 


2403 


140 


Request for oral hearing 


1451 


1,510 


1451 


1 ,510 Petition to Institute a public use proceeding 


1452 


110 


2452 


55 


Petition to revive - unavoidable 


1453 


1.300 


2453 


850 


Petition to revive - unintentional 


1501 


1.300 


2501 


650 


Utility issue feo (or reissue) 


1502 


470 


2502 


235 


Design issue feo 


1503 


630 


2503 


315 


Plant Issue fee 


1460 


130 


1460 


130 


Petitions to the Commissioner 


1607 


50 


1807 


SO 


Processing feo under 37 CFR 1 ,1 7(q) 


1808 


180 


1806 


180 


Submission of information Disclosure Stmt 


6021 
1809 


40 

750 


6021 
2809 


40 

375 


Recording each patent assignment per 
property (times number of properties) 
Filing a submission after final rejection 
(37 CFR 1.129(a)) 


1810 


750 


2810 


375 


For each additional invention to be 
examined (37CFR 1.129(b)) 


1801 


750 


2801 


375 


Request for Continued Examination (RCE) 


1602 


900 


1602 


900 


Request for expedited examination 



Fas Paid 



Other fee (specify) 



'Reduced by Basic Filing Fee Paid 



SUBTOTAL (3) f($) 



0.00 1 



SUBMITTED BY 






Complete Of applicable) 


Name (Print/Type) 


James J. Napoli ~\ 


1 Registration No. loo oct 
I (Attorney/Agent) , O© I 


Telephone 


(312) 474-6614 


Signature 




Date 


July 28, 2003 
^^^^ 



I hereby certify that this correspondence is being deposited with the U.S. Postal Service as Express Mail, Airbill No. EV233433089US, 
In an envelope addressed to: MS Provisional Patent Application. Commissioner for Patents. P.O. Box 1450, Alexandria. VA 22313- 
1450, on the date shown below. 



Oated: July 28. 2003 



Signature 



(Laura Frasher) 



ft 

Document made available under the 
Patent Cooperation Treaty (PCT) 



International application number: PCT/US04/022382 
International filing date: 12 July 2004 (12.07.2004) 



Document type: Certified copy of priority document 

Document details: Country/Office: US 

Number: 60/490,475 

Filing date: 28 July 2003 (28.07.2003) 



Date of receipt at the International Bureau: 03 October 2005 (03.10.2005) 



Remark: Priority document submitted or transmitted to the International Bureau in 

compliance with Rule 17.1(a) or (b) 




World Intellectual Property Organization (WIPO) - Geneva, Switzerland 
Organisation Mondiale de la Propriete Intellectuelle (OMPI) - Geneve, Suisse 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

--□fLINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



